Probing the Interaction between a Nanopipette and a Soft Surface Using Scanning Ion Conductance Microscopy (SICM)  by Richards, Owen et al.
Monday, February 22, 2010 395a2039-Pos
Probing the Interaction between a Nanopipette and a Soft Surface Using
Scanning Ion Conductance Microscopy (SICM)
Owen Richards1, Nick Johson1, Chao Li1, Pavel Novak2, Richard Clarke1,
Yuri Korchev2, David Klenerman1.
1The University of Cambridge, Cambridge, United Kingdom, 2Imperial
College London, London, United Kingdom.
Imaging cell topography to high spatial and temporal resolution is key for many
areas of biological research. SICM, based on the scanned nanopipette, is a tech-
nique ideally suited to this and works by regulation of the ion current flowing
through the tip opening.1 SICM is a noncontact method and works under
physiological conditions making it an excellent method for high resolution im-
aging of cells. Previously this technique has been used to image numerous cell
types2-5.
We have performed a detailed study of the small forces that are exerted onmodel
oil droplet surfaces of known surface tension by the tip of a nanopipette. By vary-
ing salt concentration and applied voltage we can quantify the force. This force
under our normal SICM imaging conditions is found to be very small but in-
creases as the pipette approaches the surface. This allows non-contact cell imag-
ing at high resolutionwhile applying small forces of set magnitude, and has been
used to image the underlying cytoskeleton of Osteoblast and Stem Cells.
1. Hansma, P. K., Drake, B., Marti, O., Gould, S. A. C. & Prater, C. B. Science
243, 641-643 (1989).
2. Zhang, Y. J. et al. Kidney International 68, 1071-1077 (2005).
3. Shevchuik, A. I. et al Angewandte Chemie-International Edition 45,
2212-2216 (2006).
4. Novak, P. et al. Nature Methods 6, 279-281 (2009).
5. Mann, S. A., Hoffmann, G., Hengstenberg, A., Schuhmann, W. & Dietzel,
I. D. Journal of Neuroscience Methods 116, 113-117 (2002).
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Scanning Ion Conductance Microscopy (SICM) is capable of high resolution,
non-contact topographic imaging of live biological cells under physiological
conditions(1, 2). The technique uses the ion current flowing through a nanopip-
ette as a feedback signal to control the pipette probe over the surface. SICM
has successfully been combined with a number of other techniques to study
live cells. For example, SICM topographic imaging has been performed simul-
taneously with both patch clamping(3) and confocal microscopy(4). The inte-
gration of a surface charge mapping technique with SICM imaging is currently
being developed.
The charge mapping technique has successfully been used to detect charge ar-
ranged in three-dimensions, such as in cationic and anionic polymer brushes.
The next stage is to optimise the detection of two-dimensional charge distribu-
tions. The technique has the potential for efficient and reliable characterisation
of surface charge throughout a biological membrane. Knowledge of membrane
surface charge is important because membrane electrostatics affect the confor-
mation and function of many biomolecules and also play a role in intracellular
and intercellular recognition and transport(5).
(1) Shevchuk, A. I., Frolenkov, G. I. et al. Angew. Chem. Int. Ed. 45, 2212
(2006).
(2) Novak, P., Li, C. et al. Nature Methods 6, 279 (2009).
(3) Korchev, Y. E., Negulyaev, Y. A. et al. Nature Cell Biology 2, 616 (2000).
(4) Gorelik, J., Shevchuk, A. I. et al. PNAS 99, 16018 (2002).
(5) Cevc, G. Biochim. Biophys. Acta 1031, 311 (1990).
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Replacement of the phosphatase domain of the Ciona intestinalis voltage sen-
sitive phosphatase (CiVSP) with fluorescence protein (FP) FRET pairs gener-
ates chimeric proteins that respond to voltage fluctuations with changes in
FRET efficiency. VSFP 2.1 and Mermaid represent two different CiVSP-based
voltage probes. We have developed a single FP-based, CiVSP-based probe
(pKF215). These probes have different FPs and linker domains. As these con-
structs represent the most promising probes developed to date, we have under-taken a structure/function analysis of these constructs by: i) altering the inserted
FPs and ii) replacing the VSD with species orthologs. The goal is to produce
probes with a larger and faster DF/F response. We have created a matrix of
33 different constructs replacing the FPs of the original constructs with a range
of red-shifted FPs (mCherry, mStrawberry, mTangerine, mOrange, tdTomato
and TagRFP). We have also replaced the inserts with the two currently most
viable FRET pairs (CFP/YFP and the Mermaid FRET pair). Finally we have
chosen three other FPs which we have previously identified as ‘modulatable’
(mCerulean, PHluorin and eGFP). As the S1 to S4 domain of CiVSP has pro-
duced the most successful fluorescent voltage sensing constructs, we sought or-
thologs of Ciona VSD that might perform better. We identified VSPs orthologs
from a variety of different species. We cloned the VSP orthologs from chicken,
mouse, human, Xenopus laevis, Xenopus tropicalis, and zebra fish. To test these
VSDs, we have created VSFP 2.1-like constructs from these cDNAs by insert-
ing the CFP/YFP FRET pairs at homologous positions in the orthologous
sequence. The constructs are being tested for membrane expression and
voltage-dependent fluorescence changes in HEK293 cells.
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Polarity-dependent fluorescent probes are attracting increasing interest for
high-resolution cell imaging. A notable example is that of solvatochromic
dyes located in a domain where polarity changes occurring upon binding lead
to the enhancement of the fluorescence signal. This can yield a very sensitive
detection of molecular recognition events that is applicable even in the case of
non-overexpressed proteins.1We shall present a toolbox of new solvatochromic
coumarin derivatives that are suitable for in vivo imaging applications.
Following a preliminary screening by computational methods of a set of candi-
date-structures selected on the basis of their spectral properties, we designed
a synthetic protocol allowing a broad range of substitution patterns. We shall
present experimental data on several probes showing excellent fluorescence
quantum yields (up to 0.95), high molar-extinction coefficients (up to 46,000
M1cm1), and large Stokes shifts. Notably, our molecules display marked sol-
vatochromism: they are virtually non emissive inwater, but intensely fluorescent
in less polar media (we shall show up to 780-fold fluorescence enhancement).
We shall also report on probe suitability for in vivo experiments.When tested on
cultured cells, these coumarins proved not harmful and their photophysical prop-
erties were unchanged compared to data in solution. Owing to both their strong
solvatochromic properties and their lipophilic character, the coumarins fluoresce
only in the most lipophilic environments of the cell. In particular, colocalization
experiments with organelle markers indicate that our coumarins locate in ER,
membranes and lysosomes, depending on their chemical structure. Finally,
one compound shows monoexponential decay of fluorescence with a lifetime
which is linearly dependent on solvent polarity.We shall discuss how this feature
promotes its use as ratiometric indicator of cell polarity at the nanoscale level.
1) Nalbant, P.; Hodgson, L.; Kraynov, V.; Toutchkine, A.; Hahn, K. M. Science
2004, 305, 1615-1619.
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Fo¨rster Resonance Energy Transfer (FRET) between donor and acceptor mol-
ecules is widely used for detection of molecular interactions. When donor and
acceptor tags are fused to proteins of interest, FRET may be used to probe
whether the tagged proteins form functional complexes in living cells. Typi-
cally, the cell under study is scanned at several times in order to accumulate
enough spectral information to determine the FRET efficiency for each region
of interest within the cell. However, diffusion as well as biochemical reactions
may cause the molecular make-up of the regions of interest to change during
the course of data acquisition. For a long time, this has dramatically limited
the information content of FRET imaging. Advances in theory and optical
instrumentation recently lead to the development of a FRET technique that
avoids the problems caused by molecular diffusion and enabled us to determine
the stoichiometry, structure, and localization in living cells of membrane pro-
tein complexes (Raicu et al., Nature Photonics, 3, 2009). This presentation will
review the results obtained from our recent studies of oligomeric complexes of
some G protein-coupled receptors (GPCRs) in vivo, both, in the presence and in
the absence of natural as well synthetic ligands.
